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1
IMAGE PROCESSING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority under 35
USC 119 from Japanese Patent Application No. 2014-192403
filed Sep. 22, 2014.

BACKGROUND
Technical Field

The present invention relates to an image processing appa-
ratus.

SUMMARY

According to an aspect of the invention, there is provided
an image processing apparatus including:

a correction unit that corrects a tilt of each partial image
data item which is a result of plural sensors reading a medium
on which an image of image data is formed so that atleast part
of'a reading region which is read by each of the plural sensors
overlaps a reading region of an adjacent sensor;

an extraction unit that extracts the image data at a position
and in a size at and in which the image data matches the
respective partial image data; and

a comparison unit that compares partial image data cor-
rected by the correction unit with extracted image data
extracted by the extraction unit.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will be
described in detail based on the following figures, wherein:

FIG. 1 is a conceptual module configuration diagram illus-
trating a configuration example according to a first exemplary
embodiment;

FIG. 2 is a diagram illustrating a system configuration
example in a case where the first exemplary embodiment is
realized;

FIG. 3 is a flowchart illustrating a processing example
according to the first exemplary embodiment;

FIG. 4 is a diagram illustrating a processing example
according to the first exemplary embodiment;

FIG. 5 is a diagram illustrating a processing example
according to the first exemplary embodiment;

FIG. 6 is a diagram illustrating a processing example
according to the first exemplary embodiment;

FIG. 7 is a diagram illustrating a processing example
according to the first exemplary embodiment;

FIG. 8 is a diagram illustrating a processing example
according to the first exemplary embodiment;

FIGS. 9A and 9B are diagrams illustrating a processing
example according to the first exemplary embodiment;

FIG. 10 is a block diagram illustrating a hardware configu-
ration example of a computer which realizes the present
exemplary embodiment;

FIG. 11 is a conceptual module configuration diagram
illustrating a configuration example according to a second
exemplary embodiment;

FIG. 12 is a flowchart illustrating a processing example
according to the second exemplary embodiment;

FIGS. 13A to 13C are diagrams illustrating a process
example in a data collection/position estimation module;
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FIG. 14 is a diagram illustrating a process example in the
data collection/position estimation module;

FIGS. 15A to 15C are diagrams illustrating a process
example in the data collection/position estimation module;

FIGS. 16A to 16C are diagrams illustrating an example of
the size of a search range based on a position in an image;

FIGS. 17A to 17C are diagrams illustrating a defect detect-
ing process example;

FIG. 18 is a flowchart illustrating a process example of
calculating a block size and a movement amount;

FIGS. 19A and 19B are diagrams illustrating a process
example according to the second exemplary embodiment;

FIG. 20 is a diagram illustrating a block example;

FIG. 21 a diagram illustrating a process example in a com-
parison/collation module;

FIG. 22 is a diagram illustrating an example of a relation-
ship between a block image and a search range;

FIG. 23 is a diagram illustrating a process example of
calculating a block size;

FIG. 24 is a diagram illustrating a process example of
calculating a movement amount; and

FIG. 25 is a diagram illustrating a process example of
calculating a movement amount.

DETAILED DESCRIPTION

Hereinafter, exemplary embodiments for implementing
the invention will be described with reference to the draw-
ings.

FIG. 1is a conceptual module configuration diagram illus-
trating a configuration example according to a first exemplary
embodiment.

In addition, the module indicates components such as soft-
ware (computer program) and hardware which may be gen-
erally and logically divided. Therefore, the module in the
present exemplary embodiment indicates not only a module
in a computer program but also a module in a hardware
configuration. Accordingly, the present exemplary embodi-
ment also includes description of a computer program for
causing a computer to function as the module (a program for
causing a computer to execute the respective procedures, a
program for causing a computer to function as the respective
units, or a program for causing a computer to realize the
respective functions), a system, and a method. For conve-
nience of the description, although the term “store”, or “make
store”, and terms equivalent to these are used, these terms
mean that, in a case of a computer program, the program is
stored in a storage device or is controlled so as to be stored in
the storage device. In addition, the module may correspond to
afunction in a one-to-one relationship. In a case of mounting,
a single module may be configured by a single program,
plural modules may be configured by a single program, or
conversely a single module may be configured by plural pro-
grams. In addition, plural modules may be executed by a
single computer, or a single module may be executed by
plural computers using computers in distributed or parallel
environments. Further, other modules may be included in a
single module. Hereinafter, the term “connection” is used not
only in a case of physical connection but also in a case of
logical connection (data transmission and reception, instruc-
tion, reference relationship between data, and the like). The
term “predefined” indicates being defined before a process
which is a target, and is used to include a meaning of being
defined according to circumstances or states at that time or
according to circumstances or states hitherto as long as the
process which is a target is not performed, even after a process
according to the present exemplary embodiment starts
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including a state where the process according to the present
exemplary embodiment does not start. In a case where there
are plural “predefined values”, the values may be different, or
two or more values (of course, including all the values) may
be the same. Further, the phrase having a meaning that “in a
case of A, B is performed” is used to mean that “whether or
not there is A is determined, if it is determined that there is A,
B is performed”. However, a case where determination
regarding whether or not there is A is unnecessary is
excluded.

In addition, the system or the apparatus includes not only a
case where plural computers, plural pieces of hardware, plu-
ral apparatuses, and the like are configured to be connected to
each other via a communication unit such as a network (in-
cluding communication connection of one-to-one correspon-
dence) but also a case where it is realized by a single com-
puter, a piece of hardware, a single apparatus, and the like.
The “apparatus” and the “system” are used as terms having
the same meaning. Of course, the “system” does not include
social “structures” (social systems) which are merely artifi-
cial arrangements.

In addition, for each process performed by each module, or
for each process in a case where plural processes are per-
formed ina module, information which is a target is read from
a storage device, the process is performed, and then the pro-
cess result is written in the storage device. Therefore, there are
cases where description of reading from the storage device
before the process and writing in the storage device after the
process may be omitted. The storage device here may include
a hard disk, a random access memory (RAM), an external
storage medium, a storage device via a communication line, a
register in a central processing unit (CPU), or the like.

An image processing apparatus 150 according to a first
exemplary embodiment reads image from a recording
medium 125 which records the image data thereon and com-
pares the image data with read data, and includes, as illus-
trated in an example of FIG. 1, a reading module 160, a
processing module 170, and a comparison/collation module
180.

The image processing apparatus 150 receives a printing
image 115 from an image recording apparatus 100, and reads
the recording medium 125 printed by the image recording
apparatus 100.

The image recording apparatus 100 includes an image
generation module 110 and a recording module 120. The
image recording apparatus 100 and the image processing
apparatus 150 may be provided in separate casings, and may
be provided in a single casing. The image recording apparatus
100 has a function of an output apparatus such as a printer.
The image processing apparatus 150 has a function of an
image reading apparatus such as a scanner.

The recording indicates that printing is performed by a
printer, for example. The image data is data which is not
recorded on the recording medium 125 and indicates an
image having no so-called noise (defect). The read data is data
which is obtained by the reading module 160 reading an
image on the recording medium 125 after the image data is
recorded on the recording medium 125. Therefore, there is a
case where noise may occur therein due to a recording process
in the recording module 120 and a reading process in the
reading module 160. Here, the noise may include, for
example, a case where an image which is not present in image
data is recorded on the recording medium 125, a case where
an image which is present in image data is not recorded on the
recording medium 125, and a case where enlargement, reduc-
tion, rotation, movement, distortion, or the like occurs in
image data.
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In the present exemplary embodiment, outputting for
determining whether or not noise occurs due to the recording
module 120 and the reading module 160 by comparing image
data with read data. In a case where noise occurs, the record-
ing module 120 and the reading module 160 are adjusted in
order to reduce the noise.

As will be described later, the reading module 160 does not
perform general reading in which a single paper sheet is read
with a single sensor, but performs reading in which a single
paper sheet is read with plural sensors.

The image generation module 110 is connected to the
recording module 120 and the processing module 170 of the
image processing apparatus 150, and receives printing data
105 and sends the printing image 115 to the recording module
120 and the processing module 170. The image generation
module 110 converts the printing data 105 into the printing
image 115. Specifically, image conversion processes which
are necessary in printing and include a rasterizing process, a
conversion process in a color space which may be reproduced
by the recording module 120, and the like, are performed on
the printing data 105 in which images such as characters,
figures, pictures or the like are described, so that printing may
be performed by the recording module 120. The printing data
105 may be electronic data which is described in, for
example, a portable document format (PDF), and may be
created by document creation application software, or the
like. The printing image 115 may be related to any one of
binary image data, grayscale image data, and color image
data.

The recording module 120 is connected to the image gen-
eration module 110 and the reading module 160 of the image
processing apparatus 150, and receives the printing image
115 from the image generation module 110 and sends the
recording medium 125 to the reading module 160. The
recording module 120 records the printing image 115 on a
medium such as paper so as to output the recording medium
125. Specifically, the recording module 120 has a function of
a printer. In other words, the printing image 115 is recorded
on the recording medium 125.

The reading module 160 is connected to the recording
module 120 of the image recording apparatus 100 and the
processing module 170, and receives the recording medium
125 from the recording module 120 and sends a read image
#1:161 . .. and a read image #n:16n to the processing module
170. The reading module 160 reads the recording medium
125 (a medium on which an image of the printing image 115
is recorded) which is output from the recording module 120,
and generates a read image which is read data. Specifically,
the reading module 160 has a function of a scanner. In other
words, the printing image on the recording medium 125 is
converted into a read image through photoelectric conversion
or the like in a reading element. However, as illustrated in an
example of FIG. 4, a single paper sheet is read by plural
sensors. In addition, images (partial image data items) read by
the respective sensors are sent to the processing module 170
as the read image #1:161 . . . and the read image #n:16n
(where n is the number of sensors performing the reading).

FIG. 4 is a diagram illustrating a process example accord-
ing to the first exemplary embodiment (the reading module
160). FIG. 4 illustrates that plural sensors 410 read a single
paper sheet 450. The paper sheet 450 is a medium on which an
image of image data is formed by the recording module 120.
The sensors 410 are arranged in parallel. A reading range
420a is a range of the paper sheet 450 read by a sensor 410a.
A reading range 4205 is a range of the paper sheet 450 read by
a sensor 41056. A reading range 420c¢ is a range of the paper
sheet 450 read by a sensor 410c. A reading range 4204 is a
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range of the paper sheet 450 read by a sensor 410d. A reading
range 420e¢ is a range of the paper sheet 450 read by a sensor
410e. In each of the reading ranges 420, a region including at
least one side of the range overlaps a region including at least
one side of the adjacent reading range 420. For example, the
right side of the reading range 420qa overlaps the left side of
the reading range 4204, and the right side of the reading range
4205 overlaps the left side of the reading range 420c. In other
words, the plural sensors perform reading so that at least part
of the reading region overlaps the reading region of the adja-
cent sensor.

In order to prevent omission of reading due to alignment
deviations of the sensors 410, distortions caused by tempera-
ture characteristics or the like, or noise such as floating of the
paper sheet 450, typically, reading is performed in a state in
which reading regions overlap each other between the adja-
cent sensors 410.

FIG. 5 is a diagram illustrating a process example accord-
ing to the first exemplary embodiment. FIG. 5 illustrates the
overlapping of the reading ranges 420 in the paper sheet 450
of the example illustrated in FIG. 4 from the top (or the
bottom). An overlapping region 510 is a region in which the
reading range 420q and the reading range 4205 overlap each
other. An overlapping region 512 is a region in which the
reading range 42056 and the reading range 420c¢ overlap each
other. An overlapping region 514 is a region in which the
reading range 420c and the reading range 420d overlap each
other. An overlapping region 516 is a region in which the
reading range 4204 and the reading range 420e overlap each
other. Here, the term “overlap each other” indicates that two
sensors read a portion of the same medium. For example, the
overlapping region 512 is read by both the sensor 4106 and
the sensor 41c.

The processing module 170 is connected to the image
generation module 110 of the image recording apparatus 100,
the reading module 160, and the comparison/collation mod-
ule 180, and receives the printing image 115 from the image
generation module 110 and the read image #1:161 . .. and the
read image #n:16n from the reading module 160, and sends a
printing image 172 and a read image 174 to the comparison/
collation module 180. The processing module 170 corrects a
tilt of partial image data. The correction of a tilt may be
performed by using an existing technique. For example, a line
segment in the partial image data may be extracted, and may
berotated in a reverse direction after an angle between the line
segment and a vertical line or a horizontal line is detected. In
addition, a tilt may be detected based on a tilt of a side (paper
edge) of the recording medium 125. Further, a tilt of partial
image data may be corrected based on an angle detected in
each partial image data item, and tilts of other partial image
data items may be corrected based on an angle detected in any
one of partial image data items. The tilt correction may be
performed by using, specifically, affine transform.

In addition, the processing module 170 extracts an image
from the printing image 115 which is image data, so as to be
suitable for positions and sizes of the read image #1:161 and
the like. Here, the image is extracted at the same tilt as the tilt
of the partial image data. Therefore, at least one side of
extracted image data which is an extraction result of the
printing image 115 overlaps a region including one side of
adjacent extracted image data, in the same manner as in the
read image #1:161 and the like.

The processing module 170 may receive the printing image
115 not only from the image generation module 110, but also
from an information processing apparatus (an information
processing apparatus which sends the printing data 105 to the
image recording apparatus 100) which generates the printing
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data 105, from the recording module 120, and from the read-
ing module 160 in a case where the reading module 160
receives the printing image 115 from the image generation
module 110 or the recording module 120.

Further, the processing module 170 may insert a blank
space between the partial image data items adjacent to each
other of the read image #1:161 and the like so as to correct a
tilt, and then may combine the partial image data items with
each other so as to generate combined image data. Here, the
blank space may have any color (white, black, transparent or
the like) and is a region having a fixed value. In addition, the
blank space may be a region which is set not to be output as a
difference even if the region is compared. In other words, in a
case where blank spaces are compared with each other, a
region in which it is determined that there is no difference is
used as a blank space. In addition, a width of this blank space
is equal to or larger than a width of the region in which at least
the partial image data items overlap each other. Further, a
width of the blank space may be determined in consideration
ofa tilt angle of the partial image data. In other words, even if
a tilt angle is corrected, a width of the blank space is deter-
mined so that the overlapping of the partial image data in the
longitudinal direction is removed. Consequently, during
comparison and collation in the comparison/collation module
180 which will be described later, it is possible to specify in
which read image (sensor) a different portion is generated
only by referring to coordinates of a comparison result in the
width direction. Still further, a width of the blank space may
be a width corresponding to a size of a comparison target
(block) in the comparison/collation module 180. For
example, a multiple of a horizontal width of the comparison
target (block) may be used. A blank space may be inserted
between extracted image data items which are obtained by
dividing the printing image 115 and are adjacent to each other.
In this case, the blank space inserted into the extracted image
data may be compared in the same condition as in the com-
bined image data when a width thereof is set to a width of a
blank space which is inserted into partial image data and is
obtained by correcting a tilt.

The comparison/collation module 180 is connected to the
processing module 170, and receives the printing image 172
and the read image 174 from the processing module 170 so as
to output a collation result 185. The comparison/collation
module 180 compares the partial image data (read image
#1:161 and the like) corrected by the processing module 170
with the extracted image data (extracted image data of the
printing image 115) extracted by the processing module 170.
Comparison targets here are the partial image data (the read
image #1:161 and the like) of which a tilt is corrected and the
extracted image data of the printing image 115.

The comparison/collation module 180 compares the com-
bined image data (combined image data based on the read
image #1:161 and the like) generated by the processing mod-
ule 170 with the image data in which a blank space is inserted
between the extracted image data items of the printing image
115. Comparison targets here are a combination of the partial
image data items (the read image #1:161 and the like) of
which tilts have been corrected, and a combination of
extracted image data items of the printing image 115.

The comparison is a process of detecting a difference
between both images. For example, an exclusive OR (EOR)
process of both images may be performed, and a difference
between both of the images may be extracted, and a portion
having values other than 0 is detected as a different portion. In
addition, there is a process of extracting an image which is
present in the printing image 172 but is not present in the read
image 174, a process of extracting an image which is not
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present in the printing image 172 but is present in the read
image 174, and the like. It is determined that noise occurs in
the different portion.

Here, the outputting of the collation result 185 includes, for
example, printing the different portion with a printing appa-
ratus such as a printer, displaying the different portion on a
display apparatus such as a display, transmitting an image
with an image transmission apparatus such as a facsimile,
writing an image in an image storage apparatus such as an
image database, storing an image on a recording medium
such as a memory card, and sending an image to other infor-
mation processing apparatuses.

FIG. 2 is a diagram illustrating a system configuration
example in a case where the first exemplary embodiment is
realized.

The image recording apparatus 100, the image processing
apparatus 150, a printing data generation apparatus 210, and
a collation result storage apparatus 220 are connected to each
other via a communication line 290. The communication line
290 may be a wired line, a wireless line, and a combination
thereof, and may be, for example, the Internet as a commu-
nication infrastructure. The printing data generation appara-
tus 210 generates the printing data 105, and sends the printing
data 105 to the image recording apparatus 100. The image
recording apparatus 100 prints the printing data 105 and
outputs the recording medium 125. The image processing
apparatus 150 reads the recording medium 125, and receives
the printing data 105 from the image recording apparatus 100
(or the printing data generation apparatus 210) and sends the
collation result 185 to the collation result storage apparatus
220. The collation result storage apparatus 220 receives and
stores the collation result 185 from the image processing
apparatus 150. The recording module 120 of the image
recording apparatus 100 and the reading module 160 of the
image processing apparatus 150 are adjusted based on the
collation result 185 stored in the collation result storage appa-
ratus 220.

FIG. 3 is a flowchart illustrating a process example accord-
ing to the first exemplary embodiment.

In step S302, the image generation module 110 performs
image conversion of the printing data 105 so as to generate the
printing image 115.

Instep S304, the recording module 120 records the printing
image 115 on a medium. The recording medium 125 on
which the printing image 115 is printed is generated.

In step S306, the reading module 160 reads the recording
medium 125.

FIG. 6 is a diagram illustrating a process example accord-
ing to the first exemplary embodiment. An image 600 indi-
cates an image right after reading is performed. The image
600 is formed by images (read divided images 610, 612, 614,
616 and 618) read by the respective sensors 410, and includes
overlapping regions 510, 512, 514 and 516 as overlapping
portions. In addition, the overlapping region 510 displays
image data items which are respectively read by the sensor
410q and the sensor 4105 in an overlapping manner. There-
fore, there is a possibility that there may be a difference
between a portion of the overlapping region 510 read by the
sensor 410a and a portion of the overlapping region 510 read
by the sensor 4105.

In step S308, the processing module 170 detects skew
angles of the read image #1:161 and the like. For example, a
skew angle is detected based on a tilt of a paper edge of the
read image.

In step S310, the processing module 170 performs process-
ing on the read image #1:161 . . . and the read image #n:16n,
and the printing image 115. As the processing here, a blank
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space is inserted between the divided read image in accor-
dance with, for example, the skew angle, and a size (block
size) of a comparison target in collation performed by the
comparison/collation module 180.

FIG. 7 is a diagram illustrating a process example accord-
ing to the first exemplary embodiment. An image 700 indi-
cates an image state in which blank spaces are inserted into
the image 600 illustrated in the example of FIG. 6. In other
words, a blank space 710 is inserted between the read divided
image 610 and the read divided image 612; a blank space 712
is inserted between the read divided image 612 and the read
divided image 614; a blank space 714 is inserted between the
read divided image 614 and the read divided image 616; and
ablank space 716 is inserted between the read divided image
616 and the read divided image 618. In addition, the read
divided image 612 includes the overlapping region 510 and
the overlapping region 512 read by the sensor 4105.

FIG. 8 is a diagram illustrating a process example accord-
ing to the first exemplary embodiment. An image 800 indi-
cates an image state in which skew correction is performed on
the image 700 illustrated in the example of FIG. 7. In other
words, the state is a state in which the tilts of the read divided
image 612 and the like are removed. A tilt of any one of the
read divided images 610, 612, 614, 616 and 618 may be
detected as the tilt here, and the read divided images 610, 612,
614, 616 and 618 may be corrected according to the tilt, and
atilt of each ofthe read divided images 610, 612, 614, 616 and
618 may be detected, and the read divided images 610, 612,
614, 616 and 618 may be corrected in accordance with each
tilt.

FIGS. 9A and 9B are diagrams illustrating a process
example according to the first exemplary embodiment. An
image 900 illustrated in an example of FIG. 9A is obtained by
performing size correction suitable for a processed output
image 950, on the image 800 illustrated in the example of
FIG. 8. The size correction here indicates that a bottom side
portion (or a top side portion) of the image 800 is removed,
and a right side portion (or a left side portion) thereof is
removed, in order to generate the same size as the size of the
processed output image 950. The processed output image 950
illustrated in an example of FIG. 9B is obtained by extracting
the image from the printing data 105 and inserting blank
spaces thereinto. In addition, in the extraction process,
images having the same sizes as those of the read image
#1:161 and the like are extracted. However, an overlapping
region is made to be included in both divided images adjacent
to each other. Further, blank spaces (blank spaces 970, 972,
974 and 976) having the same sizes (horizontal widths) as the
sizes (horizontal widths) after the skew correction is per-
formed, illustrated in the example of FIG. 7, are inserted
between the respective divided images (output divided
images 960, 962, 964, 966 and 968).

In step S312, the comparison/collation module 180 com-
pares and collates the printing image 172 and the read image
174 which are converted images, with each other, so as to
detect a defect occurrence region.

Here, the defect detection may be performed as follows.

1) Atleast one of the printing image 172 and the read image
174 is divided so that plural block images are extracted, and a
difference absolute value of both of the images is calculated
for each pixel on an image different from the image from
which the block images are extracted while changing a posi-
tion of the block image in a predefined search range between
the printing image 172 and the read image 174.

2) A position where a sum of the difference absolute values
is the minimum is searched for in the block, and a difference
image is generated.
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3) A defect is detected from the difference image. For
example, a portion in which a pixel value of the difference
image is greater than, or equal to or greater than a predefined
threshold value, is detected as a result thereof.

In step S314, the collation result 185 is output.

The process in step S312 will be described in detail by
using a second exemplary embodiment. The comparison/
collation module 180 performs processes of a data collection/
position estimation module 1140, a block movement amount
calculation module 1150, and a comparison/collation module
1160 described in the following example. The same portions
as in the above-described exemplary embodiment are given
the same reference numerals, and repeated description will be
omitted. A reading module 1130 corresponds to the reading
module 160. In addition, the printing image 115 corresponds
to the printing image 172, and a read image 1135 corresponds
to the read image 174. In other words, the comparison/colla-
tion module 180 in the first exemplary embodiment performs
a process equivalent to the process on the printing image 115
and the read image 1135 in the second exemplary embodi-
ment, since each of the printing image 172 and the read image
174 is processed as a single image.

The entire image processing system including an image
processing apparatus according to the second exemplary
embodiment compares image data with read data, and
includes the image recording apparatus 100 and an image
processing apparatus 1170 as illustrated in an example of
FIG. 11. The image recording apparatus 100 includes the
image generation module 110 and the recording module 120,
and the image processing apparatus 1170 includes the reading
module 1130, the data collection/position estimation module
1140, the block movement amount calculation module 1150,
and the comparison/collation module 1160.

The reading module 1130 is connected to the data collec-
tion/position estimation module 1140 and the comparison/
collation module 1160. The reading module 1130 converts
the printing image 115 on the recording medium 125 into the
read image 1135 using photoelectric conversion or the like. In
other words, the read image 1135 which obtained by reading
the recording medium 125 is generated. This is a so-called
scanning process, and the reading module 1130 is imple-
mented by a scanner which is an image reading device. The
read image 1135 is sent to the data collection/position esti-
mation module 1140 and the comparison/collation module
1160.

The data collection/position estimation module 1140 is
connected to the image generation module 110, the reading
module 1130, the block movement amount calculation mod-
ule 1150, and the comparison/collation module 1160. The
data collection/position estimation module 1140 sets a search
range which is calculated based on an error, and searches for
aposition which a selected block image matches in one of the
printing image 115 and the read image 1135 in relation to a
block image extracted from the other. The searched position
(an estimated value 1145 of a displacement amount) is sent to
the comparison/collation module 1160. The comparison/col-
lation module 1160 compares and collates the block image
with the other image by overlapping the two images at the
searched position, so as to detect a defect occurrence region.

A position estimation of a block image in the data collec-
tion/position estimation module 1140 may be performed as
follows without first performing position search regarding all
block images.

First, a search process will be described. This process
shows an example of the process in step S312 according to the
first exemplary embodiment. Description thereof will be
made with reference to FIG. 21. FIG. 21 is a diagram illus-
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trating a process example in the comparison/collation module
1160. A block image 1910qa of a reference image 19004 is
shifted by one pixel in a search range 19505 of a read image
19005, so that template matching (for example, an EOR pro-
cess) is performed. In addition, as a result of the template
matching, a relative position to a block image in which the
maximum score (for example, as a score, an inverse number
of'a difference absolute value) indicating the most proximity
in the search range 19505 is set as a displacement amount
2120. In other words, one in the block image 19105 corre-
sponding to the block image 1910q is a block image 19015,
and in a case where a block image 2130 is extracted at the
maximum score position as a result of performing template
matching between the block image in the search range 19505
and the block image 1910a, the displacement amount 2120 is
set. In addition, the comparison/collation module 1160
receives the estimated value 1145 of the displacement amount
from the data collection/position estimation module 1140,
and searches for a target block. Further, estimation of a plane
is not necessarily performed in the template matching (of
course, as will be described later, a plane estimation process
may be performed for the template matching).

Hereinafter, a detailed description of a process example
according to the second exemplary embodiment will be
described.

The data collection/position estimation module 1140
selects at least one of block images extracted from one of the
printing image 115 and the read image 1135, sets a search
range calculated based on an error, and searches for a position
which the selected block image matches in other image. Then,
a corresponding position of an unselected block image in the
other image is estimated based on the corresponding position
of the selected block image matching in the other image. In
addition, the estimated position (the estimated value 1145 of
the displacement amount) is sent to the comparison/collation
module 1160.

First, with reference to FIGS. 13 A to 14, a description will
be made of a process of estimating a corresponding position
of a block image in the other image. FIGS. 13A to 13C are
diagrams illustrating a process example in the data collection/
position estimation module 1140.

1) As illustrated in examples of FIGS. 13A and 13B, the
printing image 115 and the read image 1135 are respectively
divided into rectangular shapes (hereinafter, referred to as
blocks), so as to generate a printing block image 1310 and a
read block image 1320. In other words, images of the printing
image 115 and the read image 1135 are divided into blocks
which are generated based on errors which may occur in the
recording module 120 or the reading module 1130, and thus
block images are extracted. In addition, as a block size here,
ablock size 1152 which is calculated by the block movement
amount calculation module 1150 is used.

More specifically, the following process is performed.

One of the printing image 115 and the read image 1135 is
divided into a rectangular shape which is generated based on
errors which may occur in the recording module 120 or the
reading module 1130, and thus a rectangular image is
extracted. One image may be the printing image 115 or the
read image 1135. Hereinafter, a description will be mainly
made assuming that the printing image 115 is used as one
image, and the read image 1135 is used as the other image.
The block division will be described with reference to FIGS.
19A and 19B. FIGS. 19A and 19B are diagrams illustrating a
process example according to the second exemplary embodi-
ment. In the example of FIG. 19A, the reference image 19004
is divided into 9x12 blocks. Of course, a division number
differ depending on a block size and a size of the reference
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image 1900q. In addition, the division number is not neces-
sarily an integer number depending on a relationship between
the block size and the size of the reference image 1900a, and
a white image or the like may be added to a portion which
does not form a single block. Further, the block division is
performed based on the block size 1152 received from the
block movement amount calculation module 1150.

FIG. 20 is a diagram illustrating a block example, and
enlarges and displays the block image 1910« illustrated in the
example of FIG. 19A. The block image 1910a has a size of
WpxHp. In addition, coordinates of a central pixel 2010 of the
block image 1910a are set to (Cx,Cy).

2) As illustrated in the example of FIG. 13C, at least one set
of extracted block images is selected, and a difference abso-
Iute value of both of the images is calculated for each pixel in
blocks (the printing image 115 and the read image 1135) ata
corresponding position. For example, an exclusive OR (EOR)
process may be performed for each pixel.

3) A position where a sum of the difference absolute values
(a sum total of the difference absolute values in the respective
pixels in the block) in the block is the minimum is searched
for. In addition, a search range A here may or not be the same
as the estimated value 1145 of the displacement amount used
in the comparison/collation module 1160. The search range
may be defined based ona movement amount 1154 calculated
by the block movement amount calculation module 1150, and
may be a search range which will be described later with
reference to FIGS. 16A to 16C.

In the examples of FIGS. 13A to 13C, the printing block
image 1310 is searched for in the read block image 1320. In
other words, the printing block image 1310 and the read block
image 1320 are shift in the search range A, and a sum of the
difference absolute values in a positional relationship thereof
is calculated. A positional relationship between rectangular
images in which the calculated sum of the difference absolute
values is the minimum is specified. As illustrated in an
example of FIG. 14, a printing block image 1410 is searched
for regarding a read block image 1420 in a read image 1400.
A position 1450 where a sum of the difference absolute values
is the minimum is obtained in the search range A. The position
1450 corresponds to, for example, differences (Ax,Ay)
between central coordinates of the printing block image 1410
and the read block image 1420. Here, an example has been
described in which the printing block image 1310 is searched
for in the read block image 1320, but the read block image
1320 may be searched for in the printing block image 1310. In
the present exemplary embodiment, both the printing image
and the read image are cut out as blocks, but only the printing
image may be cut out as a block image, a search range may be
directly set in the other read image, and a position where a
sum of difference absolute values is the minimum may be
searched for in a range thereof in the same manner. In addi-
tion, only the read image may be cut out as a block image, a
search range may be directly set in the other printing image,
and a position where a sum of difference absolute values is the
minimum may be searched for in a range thereof in the same
manner.

In the present exemplary embodiment, the search range A
is calculated as follows.

A range of a movement amount for defining the search
range A is determined based on errors which may occur in the
recording module 120 which forms an image of the printing
image 115 on the recording medium 125 or the reading mod-
ule 1130 which reads the recording medium 125, and an
image (which may be either the printing image 115 or the read
image 1135). The “errors which may occur in the recording
module 120 or the reading module 1130” will be described
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later in description of the block movement amount calcula-
tion module 1150. For example, the data collection/position
estimation module 1140 increases a movement amount
according to a distance from an origin in the printing image
115 or the read image 1135, and calculates a movement
amount at the most distant point from the origin so that a
movement amount having undergone affine transform which
is an error which may occur in the recording module 120 or
the reading module 1130 becomes the maximum in a size of
the printing image 115 or the read image 1135. The distance
from the origin is the same value as a value of a position of the
block. The origin of the printing image 115 or the read image
1135 is a position where the occurrence of an error in the
recording module 120 or the reading module 1130 is the
minimum, and indicates, for example, coordinates of an
upper left corner of the image. The “most distant point from
the origin™ is a position which is the most distant from the
origin. The position which is the most distant from the origin
is a position where the occurrence of an error in the recording
module 120 or the reading module 1130 is the maximum, and
indicates, for example, coordinates of a lower right corner of
the image. Specifically, the data collection/position estima-
tion module 1140 increases a size of the search range A in a
direction from the coordinates of the upper left corner to the
lower right corner. The maximum size thereof is defined
based on the maximum value of an “error which may occur in
the recording module 120 or the reading module 1130, and is
a movement amount 1154 calculated by the block movement
amount calculation module 1150.

A description thereof will be made by using an example of
FIGS. 16A to 16C. FIGS. 16 A to 16C are diagrams illustrat-
ing an example of a size of the search range A based on a
position inside an image. FIG. 16A illustrates an example of
positions of an origin 1610 (upper left corner) of an image
1600 and the most distant point 1690 (lower right corner). In
addition, FIG. 16B illustrates an example of a relationship
between a block 1612 and a search range A 1614 at the origin
1610. The search range A 1614 is larger than the block 1612
by a predefined value (0 or greater). FIG. 16C illustrates an
example of a relationship between a block 1692 and a search
range A 1694 at the most distant point 1690. The search range
A 1694 has a size defined based on the movement amount
1154 calculated by the block movement amount calculation
module 1150. Further, sizes of the block 1612 and the block
1692 are the same as each other, and are the block size 1152
calculated by the block movement amount calculation mod-
ule 1150. Here, an example in which the upper left corner is
set as the origin, and the lower right corner is set as the most
distant point, but any one of four points (the lower right
corner, the upper right corner, the lower left corner, and the
upper left corner) may be used depending on properties of
errors which may occur in the recording module 120 or the
reading module 1130. Here, as the examples, cases have been
described in which rotation of the recording module 120 or
the reading module 1130 occurs centering on the upper left
corner, and an effect of enlargement or reduction becomes
greater as a point becomes farther from the upper left corner.

Next, the data collection/position estimation module 1140
searches for a corresponding position of the extracted rectan-
gular image in the other image in the search range A, by using
the position 1450 at which the sum of the difference absolute
values is the minimum in the search range A as a reference.
Forexample, FIG. 19B illustrates an example of searching for
the block image 1910q illustrated in FIG. 19A. As illustrated
in FIG. 19B, the block image 1910a is searched for in the
search range 195056 which is a “range of a movement amount”
inside the read image 19004. In addition, one corresponding
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to the block image 1910« in the reference image 1900 is a
block image 19105 in the read image 19005. Ideally (in a case
where errors which may occur in the recording module 120
and the reading module 1130 are 0), in order to detect a defect,
the block image 1910qa and the block image 19105 have only
to be compared with each other, but, actually, since errors
occur in the recording module 120 and the reading module
1130, the search is made in the search range 19505 (a search
range determined by the data collection/position estimation
module 1140) which is determined in consideration of the
actual errors. Consequently, the entire read image 19005 is
not required to be searched for, and a position which matches
the block image 1910a in the read image 19005 may be found.
The search range is a region which includes a rectangular
shape of the other image at the same position as the rectan-
gular position in one image and is formed by vertical and
horizontal movement amounts with respect to the rectangular
shape.

The search process is as described with reference to FIG.
21. The example illustrated in FIG. 21 displays the search
range 19505 illustrated in the example of FIG. 19B in an
enlarged manner.

Ablock in which there may be plural positions where a sum
of difference absolute values is the minimum is excluded in
advance as a source for estimating positions of unselected
other blocks described later.

For example, there are a block (which may include a case
where a whole pixel value difference is equal to or smaller
than a predefined value even if the block is painted with
exactly the same color) which is painted with the same color
(for example, white, black, or transparent) as a whole, a block
in which only a single straight line is drawn, a block in which
only plural parallel lines are drawn, and a block in which
plural regular graphics (substantially the same graphics) are
drawn. Since it is not possible to uniquely determine a corre-
sponding position in these blocks, it is not possible to estimate
aposition of an unselected block, or even if a position may be
estimated, an error may increase, and thus the blocks are not
suitable for estimating a position.

The time at which it is determined that these blocks are
excluded may be when a block is selected, and may be when
a position of another image is estimated after a block is
selected and then a corresponding position is searched, but if
the blocks are excluded when a block is selected, it is possible
to reduce a calculation amount required for an unnecessary
search.

In a case where a distance between rectangular images in
which a sum of difference absolute values is the minimum is
greater than or equal to a predefined value as a result in which
ablock is selected and a search is made, a positional relation-
ship between the blocks is excluded as a source for estimating
positions of unselected other blocks.

Next, a description will be made of estimation of a corre-
sponding position of a block image which is not selected by
the data collection/position estimation module 1140 in the
other image, with reference to FIGS. 15A to 15C. FIGS. 15A
to 15C are diagrams illustrating a process example in the data
collection/position estimation module 1140. As illustrated in
an example of FIG. 15A, a position where a sum of difference
absolute values is the minimum in blocks (blocks with the
diagonal lines in FIG. 15A) of a printing image 1510 is
calculated. In addition, excluded blocks (white blocks in FIG.
15A) are not used for a position estimation process. The data
collection/position estimation module 1140 calculates a
plane (which may be a “plane in a characteristic space”)
defined by a position between block images, and estimates
positions of unselected block images based on the plane.

10

15

20

25

30

35

40

45

50

55

60

65

14

Specifically, a plane indicating a displacement amount is
calculated from the position where the sum of difference
absolute values is the minimum, and a displacement amount
is calculated according to a position of each block.

In other words, the following process is performed. A posi-
tion (Ax,Ay) of the block image is plotted in the characteristic
space. As the characteristic space, for example, there is a
three-dimensional space which has an x axis, a y axis, and Ax
or Ay as an axis. Here, the x axis and the y axis are axes
representing coordinates of a center of the block. The char-
acteristic space may be a four-dimensional space which has
an X axis, a y axis, a Ax axis, and a Ay axis, and may be other
spaces as long as an axis representing Ax or Ay is included. A
plane formed through the plotting is calculated. For example,
the plane is a plane 1520 representing a displacement amount
(A%) in the example of FIG. 15A, and is a plane 1530 repre-
senting a displacement amount (Ay) in the example of FIG.
15B. Of course, all positions are not required to be plotted in
a plane, and a plane estimated through the plotting may be
calculated by using an existing method.

It is possible to estimate displacement amounts in all
blocks in an image by using the plane representing the dis-
placement amounts. Specifically, a position of each block is
assigned to an equation (Ax=a,;x+b,y+c,;, Ay=a,x+b,y+c,)
representing the plane, and a displacement amount in each
block is estimated.

In relation to estimation of a displacement amount here, at
least an unselected block image is required to be targeted. In
a case where this process is sequentially performed, when
only an unselected block image is targeted, a calculation
amount of the displacement amount estimation is further
reduced than when all block images are targeted, and thus the
process may be performed at a high speed. In a case where the
displacement amount estimation is performed in parallel pro-
cesses by using a multicore CPU, GPU orthe like, the process
may be performed at a higher speed when the process is
uniformly applied to all block images than when a step of
determining whether or not a block image is a selection target
is added.

Next, the data collection/position estimation module 1140
searches for a corresponding position in the other image for
each block image based on the displacement amount esti-
mated by using the above-described method. In other words,
a search range is set by using the estimated displacement
amount as a reference position, template matching is per-
formed, and a position indicating the most proximity in the
search range is searched for. The template matching here may
employ the same method as the above-described template
matching.

A search target here is at least an unselected block image.
In a case where this process is sequentially performed, when
only an unselected block image is targeted, a calculation
amount of the displacement amount estimation is further
reduced than when all block images are targeted, and thus the
process may be performed at a high speed. In a case where the
second position search is performed in parallel processes by
using a multicore CPU, GPU or the like, the process may be
performed at a higher speed when the process is uniformly
applied to all block images than when a step of determining
whether or not a block image is a selection target is added.

The search range here may be determined in the same
manner as in the above-described method of determining a
search range, but a position has already been estimated for an
unselected block image, and thus a range smaller than that
may be set as the search range. A calculation amount required
for difference extraction is further reduced than in a case of
using the same search range.
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The comparison/collation module 1160 is connected to the
image generation module 110, the reading module 1130, and
the data collection/position estimation module 1140. The
comparison/collation module 1160 compares and collates the
printing image 115 with the read image 1135 so as to detect
the presence or absence of a defect and a defect occurrence
region. The comparison/collation module 1160 receives the
printing image 115 and the read image 1135. The read image
1135 reads the recording medium 125 on which an image of
the printing image 115 is formed. In other words, the com-
parison/collation module 1160 receives the printing image
115 which is a source of a print-out target, and the read image
1135 which is obtained by printing out the printing image 115
and scanning the printed-out recording medium 125. This is
because the presence or absence of a defect which occurs in
the recording module 120 or the reading module 1130 is
checked. Here, the defect indicates noise, and, ideally, the
printing image 115 completely matches the read image 1135.
However, a defect occurs due to maintenance statuses of the
recording module 120 and the reading module 1130. In addi-
tion, an error may occur in the recording module 120 and the
reading module 1130. Here, the “error which may occur” is an
error which is allowable in design specifications of the
recording module 120 and the reading module 1130. As the
error, specifically, there are enlargement or reduction, rota-
tion, and affine transform of movement. In a case where a
design specification is realized (a design goal is achieved) in
which, for example, rotation of x degrees or larger does not
occur, rotation of below x degrees may occur.

Therefore, the comparison/collation module 1160 extracts
a defect (for example, a mixture of three or more black pixels)
from which an error which may occur in the recording module
120 and the reading module 1130 is excluded. In other words,
it is checked whether or not a defect other than an allowable
error in the design specification, and a position where the
defect occurs is specified to be usefully used for maintenance
of the recording module 120 and the reading module 1130.

Next, the comparison/collation module 1160 receives a
search result from the data collection/position estimation
module 1140, and compares an extracted rectangular image
with an image (an image of the search result) of a portion to
which the extracted rectangular image corresponds in the
other image. In other words, both of the images overlap each
other at a position where the rectangular image of the printing
image side and the rectangular image of the read image side
match each other most, and comparison for extracting a dif-
ference therebetween is performed. The “search result” is a
result in which a position where both of the images match
each other most is extracted by comparing the rectangular
image in one image within a search range of the other image.
The difference between the position and the position of the
rectangular image may be used as a displacement amount.
The search result may be used for the “comparison”. In other
words, the search result is obtained in a case where the most
matching occurs, and thus a matching degree may be used as
a defect detection result 1165. In addition, the defect detec-
tionresult 1165 may include not only the matching degree but
also a displacement amount.

A description thereof will be made with reference to FIGS.
17A to 17C. FIGS. 17A to 17C are diagrams illustrating a
defect detection process example in the comparison/collation
module 1160. A printing block image 1710 illustrated in an
example of FIG. 17A is a block image in the printing image
115; a read block image 1720 illustrated in an example of
FIG. 17B is a block image in the read image 1135; and a
difference block image 1730 illustrated in an example of in
FIG. 17C indicates a difference (a result of an EOR process)
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between the printing block image 1710 and the read block
image 1720. The comparison/collation module 1160 gener-
ates a difference image for each block, and detects a defect in
the difference image. As the defect, for example, a defect may
be detected in which a size of one side of a circumscribed
rectangle is a size within a predefined range (for example,
three pixels to five pixels).

The block movement amount calculation module 1150 is
connected to the data collection/position estimation module
1140. The block movement amount calculation module 1150
calculates the block size 1152 and the movement amount
1154 based on the error which may occur in the recording
module 120 or the reading module 1130. The block size 1152
and the movement amount 1154 are sent to the data collec-
tion/position estimation module 1140. The error in the
recording module 120 or the reading module 1130 includes
affine transform in the image forming apparatus or the image
reading apparatus. Specific examples of the error include an
enlargement or reduction ratio or a rotation angle. The pro-
cess in the block movement amount calculation module 1150
may be performed before the data collection/position estima-
tion module 1140 performs a process, and the block size 1152
and the movement amount 1154 may be calculated in advance
and be stored in the data collection/position estimation mod-
ule 1140. Further, in order to correspond to the recording
module 120 and the reading module 1130 used at that time,
the block size 1152 and the movement amount 1154 may be
calculated whenever errors are received from the recording
module 120 and the reading module 1130.

The block size 1152 is defined through affine transform so
that a pixel deviation between a rectangular image of one
image and a rectangular image of the other image is smaller
than one pixel. In addition, calculation of the block size 1152
will be described later by using an example of FIG. 23.

The movement amount 1154 calculated by the block move-
ment amount calculation module 1150 is defined so that a
movement amount obtained by affine transform is the maxi-
mum in a size of the printing image 115 or the read image
1135. The movement amount 1154 is used to form the search
range 19505.

FIG. 22 is a diagram illustrating a relationship example
between the block image 1910qa and the search range 19505.
The movement amount 1154 includes, specifically, an
upward movement amount, adownward movement amount, a
left movement amount, and a right movement amount.

A height (block height) of the block image 1910a is L +1+
L, and is H,, illustrated in the example of FIG. 20.

A width (block width) of the block image 1910a is L, +1+
L,, and is W, illustrated in the example of FIG. 20.

A height (search range height) of the search range 19505 is
H,+L+L,. L, indicates an upward movement amount. L,
indicates a downward movement amount.

A width (search range width) of the search range 19505 is
W,+L, +L,. L, indicates a left movement amount. I, indicates
a right movement amount.

In addition, calculation of the movement amount 1154 will
be described later by using examples of FIGS. 24 and 25.

The movement amount 1154 indicates the maximum value
of a search range in the image, and the data collection/posi-
tion estimation module 1140 determines the estimated value
1145 of a displacement amount based on a position of the
block in the image by using the movement amount 1154.

All process examples according to the second exemplary
embodiment will be described.

First, the image generation module 110 performs image
conversion on the printing data 105 so as to generate the
printing image 115.
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Next, the recording module 120 records the printing image
115 on the recording medium 125.

Next, the reading module 1130 reads the recording
medium 125 on which the printing image 115 is recorded.
The read result is the read image 1135.

Next, the data collection/position estimation module 1140
collects data items (specifically, differences between block
images) for determining the estimated value 1145 of a dis-
placement amount.

Next, the data collection/position estimation module 1140
estimates a displacement amount for each block.

Next, the comparison/collation module 1160 compares
and collates the converted image (printing image 115) with
the read image 1135 so as to detect a defect occurrence region.

FIG. 12 is a flowchart illustrating a process example
according to the second exemplary embodiment.

In step S1202, at least one of a printing data image and a
read data image is divided. As a division method here, the
image is divided in a size which is calculated by using an error
(forexample, the size becomes smaller as the error increases).

Instep S1204, a search range is determined in some divided
images. The determination of the search range here is per-
formed in a size which is calculated by using an error (for
example, the size becomes larger as the error increases).

In step S1206, a corresponding position in a partner image
is specified. Specifically, the divided image overlaps the other
image so that a difference is obtained for each pixel, absolute
values of differences are added together while changing a
position of the image in the search range, and a position where
the difference is smallest is set as a corresponding position.

In step S1208, a corresponding position of another divided
image in the partner image is estimated based on specified
corresponding position. Specifically, a deviation amount
between the corresponding position and an initial position is
plotted in a plane, and a deviation amount of another divided
image is estimated based on the plane and a position relative
to the division source image of the divided image.

In step S1210, a corresponding position of another divided
image in the partner image is specified based on the estimated
position. A search range here may be the same as the search
range in step S1204, but may be a second search range nar-
rower than the search range determined in step S1204. This is
because the searched divided image here is searched for from
the position estimated in step S1208, and thus a correspond-
ing position is located nearby. The second search range is
applied, and thus a calculation amount which requires difter-
ences for specitying a position is reduced.

In step S1212, a comparison result at each specified posi-
tion is output. The difference acquired when the position is
specified may be output as a comparison result without
change, and an image may be output after the image is further
processed (for example, a difference is emphasized).

FIG. 18 is a flowchart illustrating a process example in
which the block movement amount calculation module 1150
calculates the block size 1152 and the movement amount
1154.

In step S1802, an enlargement or reduction ratio and a
rotation angle (skew angle) which may occur in the recording
module 120 or the reading module 1130 are acquired.

In step S1804, a block size is calculated.

In step S1806, a movement amount is calculated.

In step S1808, the block size 1152 and the movement
amount 1154 are sent to the data collection/position estima-
tion module 1140 and the comparison/collation module 1160.

FIG. 23 is a diagram illustrating a process example of
calculating the block size 1152. In a case where rotation,
enlargement or reduction is generated in the worst state by the
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recording module 120 or the reading module 1130, a block
size is set so that a pixel deviation is smaller than one pixel at
each corner when centers of a block of the printing image 115
and a block of the read image 1135 match each other.

An example of FIG. 23 shows that a point 2350 in the
printing image 115 is how deviated due to an error in the
recording module 120 or the reading module 1130.

The point 2350 is moved to a point 2360 due to a movement
(during the maximum reduction in both scanning directions)
2355 caused by enlargement or reduction. In addition, the
point is moved to a point 2370 due to a movement (counter-
clockwise) 2365 caused by skew. This case corresponds to a
case where the maximum reduction occurs (the point
becomes smallest), and counterclockwise rotation is the
maximum.

The point 2350 is moved to a point 2340 due to a movement
(during the maximum enlargement in both scanning direc-
tions) 2345 caused by enlargement or reduction. In addition,
the point is moved to a point 2330 due to a movement (clock-
wise) 2335 caused by skew. This case corresponds to a case
where the maximum enlargement occurs (the point becomes
largest), and clockwise rotation is the maximum.

(1) When the maximum reduction (x-axis direction mag-
nification: r;, and y axis direction magnification: r,) and the
maximum skew (counterclockwise, rotation angle: a) occur
in both of the scanning directions, a movement amount is
calculated as in Equation (1) if a movement amount of a point
on a diagonal line having the largest movement amount with
a center of the block as an origin is set to (1,1).

-[3]

A difference Ax of x at y=1 is calculated by using a straight
line passing through the point 2370 and the original straight
line. Inthe example of FIG. 23, the difference Ax is defined by
the point 2350, the origin, the straight line passing through the
point 2370, and the straight line of y=1.

(2) On the other hand, when the maximum enlargement
(x-axis direction magnification: r;, and y axis direction mag-
nification: r,) and the maximum skew (clockwise, rotation
angle: ) occur in both of the scanning directions, a move-
ment amount is calculated as in Equation (2) if a movement
amount of a point on a diagonal line having the largest move-
ment amount with a center of the block as an origin is set to

a,n.

[ cos(f) sin(f) H@ } _ [xz }
=sin(B) cos(B) Il ra | L2

A difference Ay of'y at x=1 is calculated by using a straight
line passing through the point 2330 and the original straight
line. Inthe example of FIG. 23, the difference Ay is defined by
the point 2350, the origin, the straight line passing through the
point 2330, and the straight line of x=1.

(3) v and x' which cause Ax and Ay to become 1.4 are
calculated. In addition, when a width and a height of the block
are respectively indicated by W and H, Equation (3) is given.

W=2%ceil(x")+1, H=2*ceil(y")}+1

[cos(w) —sin{a) H r } Equation (1)

sin(f@) cos(@) || r

Equation (2)

Equation (3)

Here, ceil( ) is a function which rounds up a decimal point
or less.

Consequently, the block size 1152 (W and H of Equation
(3)) may be calculated. For example, a width and a height of
the block are respectively 100 pixels and 110 pixel.
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Next, a description will be made of a process example of
calculating the movement amount 1154 (a size of a search
range) by using examples of FIGS. 24 and 25. The movement
amount 1154 calculated here is a movement amount at the
most distant point.

In a case where rotation, enlargement, reduction, and
movement all occur in the worst case due to the recording
module 120 or the reading module 1130, the movement
amount 1154 is set so that a movement amount of a lower
right corner in a certain paper size (for example, A3 elonga-
tion paper) is taken into consideration. In addition, the fol-
lowing coordinates have an upper left corner as an origin, a
right direction and a lower direction as a positive direction,
and a clockwise direction as a positive direction of a rotation
angle.

Under a condition that a movement amount is the maxi-
mum in the upper right direction, with an upper left corner of
a certain paper size as an origin, a movement amount of a
lower right corner (for example, in the A3 elongation paper,
coordinates (3897,5763) at 300 dpi) having the largest move-
ment amount is calculated as in Equation (4).

M=M,

skew

Here, M., indicates a movement amount caused by skew,
M,,,, indicates a movement amount caused by enlargement or
reduction, and M, ., indicates a movement amount caused by
shift.

Here, M., M. and M, are respectively given as in

Equations (5), (6) and (7).

ive Equation (4)

+M . +Mshiﬁ

3897 — {3897 X cos(y) — 5763 xsin(y)} = Equation (5)

(pixel
askers (main scanning direction))
Miken = 5763 — {3897 x sin(y) + 5763 X cos(y)} =
(pixel
Mpsien e
(sub- scanning direction))
Miipe = Equation (6)
(pixel
3897 xrs — 3897 = M ysize . . .
(main scanning direction))
(pixel
5763 % rg — 5763 = Migize . o
(sub-scanning direction))
Mpipp = Equation (7)

(pixel
51 +25.4%300 = Magp . . .
(main scanning direction))
(pixel
$2 +25.4%300 = My
2 bstif (sub- scanning direction))

Here, vy indicates a rotation angle, rs and r, indicate an
enlargement or reduction ratio, and s, and s, indicate a move-
ment amount.

Therefore, Equation (8) is obtained.

M= Equation (8)

(pixel
Maskew + Masize + Masnir = Mg . . L
(main scanning direction))

(pixel
Mpskew + Mpsize + Mpsnif = Mp S
e e Srif (sub- scanning direction))
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A description will be made by using an example of FIG. 24.
FIG. 24 is a diagram illustrating a process example of calcu-
lating a movement amount.

A point 2450 is moved to a point 2460 due to a movement
(the maximum in the upper right direction) 2455 caused by
shift. In addition, the point is moved to a point 2470 due to a
movement (the maximum enlargement in the main scanning
direction and the maximum reduction in the sub-scanning
direction) 2465 caused by enlargement and reduction. Fur-
ther, the point is moved to a point 2480 due to a movement
(counterclockwise) 2475 caused by skew. In other words, the
maximum movement amount in the upper direction and the
right direction at the most distant point (the lower right cor-
ner) from an origin 2410 (in FIG. 24, the upper left corner) of
an image 2400 is calculated.

On the other hand, under a condition that a movement
amount in the lower left direction is the maximum, with an
upper left corner of a certain paper size as an origin, a move-
ment amount of a lower right corner (for example, A3 elon-
gation paper) having the largest movement amount is calcu-
lated as in Equations (9), (10) and (11).

3897 — {3897 xcos(6) — 5763 xsin(0)} = Equation (9)

(pixel
cskew (main scanning direction))
Miken = 5763 — {3897 xsin(6) + 5763 x cos(0)} =
(pixel
Msker s
(sub- scanning direction))
Mo = Equation (10)

(pixel
3897 X r; —3897 = Mysize . . L.
(main scanning direction))

(pixel
5763 % rg — 5763 = Mygize . o
(sub- scanning direction))

Mg = Equation (11)

(pixel
53 +25.4% 300 = Megpp . . .
(main scanning direction))

(pixel
54 +25.4%300 = My,
! i (sub-scanning direction))

Here, 0 indicates a rotation angle, r, and ry indicate an
enlargement or reduction ratio, and s; and s, indicate a move-
ment amount.

Therefore, Equation (12) is obtained.

Equation (12)

(pixel
(main scanning direction))

(pixel

M=
Moskew + Mosize + Mesnip = M,
Mskew + Masize + Masnipr = Ma

(sub- scanning direction))

A description will be made by using an example of FIG. 25.
FIG. 25 is a diagram illustrating a process example of calcu-
lating a movement amount.

The point 2450 is moved to a point 2440 due to a movement
(the maximum in the lower left direction) 2445 caused by
shift. In addition, the point is moved to a point 2430 due to a
movement (the maximum reduction in the main scanning
direction and the maximum enlargement in the sub-scanning



US 9,392,140 B2

21

direction) 2435 caused by enlargement and reduction. Fur-
ther, the point is moved to a point 2420 due to a movement
(counterclockwise) 2425 caused by skew. In other words, the
maximum movement amount in the lower direction and the
left direction at the most distant point (the lower right corner)
from the origin 2410 (in FIG. 25, the upper left corner) of the
image 2400 is calculated.

Based on the above description, the upward maximum
value, the downward maximum value, the left maximum
value, and the right maximum value of a movement amount
may be calculated. For example, the upward maximum value,
the downward maximum value, the left maximum value, and
the right maximum value of a movement amount are respec-
tively 67.41 pixels, 95.99 pixels, 58.73 pixels, and 62.47
pixels, and thus the upward, downward, left and right move-
ment amounts of the block respectively become 68 pixels, 96
pixels, 59 pixels, and 63 pixels at minimum. In addition,
actually, a movement amount is out of specifications (over
specification) of the recording module 120 and the reading
module 1130 and may thus be set to be larger by a predefined
value. This value is a movement amount at the point 2450
which is the most distant point from the origin 2410. Move-
ment amounts at positions other than the point 2450 (search
range) may be determined by the data collection/position
estimation module 1140 based on the positions and the move-
ment amount at the point 2450.

With reference to FIG. 10, a hardware configuration
example of the image processing apparatus of the present
exemplary embodiment will be described. A configuration
shown in FIG. 10 is implemented by, for example, a personal
computer (PC) or the like, and is a hardware configuration
example including a data reading unit 1017 such as a scanner
and a data output unit 1018 such as a printer.

A central processing unit (CPU) 1001 is a controller which
executes processes according to a computer program which
describes execution sequences of the respective modules
described in the above exemplary embodiment, that is, the
reading module 160, the processing module 170, and the
comparison/collation module 180.

A read only memory (ROM) 1002 stores programs, calcu-
lation parameters or the like used by the CPU 1001. A random
access memory (RAM) 1003 stores programs used for execu-
tion of the CPU 1001 or parameters which are appropriately
varied in the execution and the like. They are connected to
each other via a host bus 1004 constituted by a CPU bus and
the like.

The host bus 1004 is connected to an external bus 1006
such as a peripheral component interconnect/interface (PCI)
bus via a bridge 1005.

A keyboard 1008 and a pointing device 1009 such as a
mouse are input devices operated by an operator. A display
1010 includes a liquid crystal display, a cathode ray tube
(CRT), or the like, and displays a variety of information
pieces as text or image information.

An hard disk drive (HDD) 1011 has a hard disk built
therein, drives the hard disk, and records or reproduces a
program or information executed by the CPU 1001. The hard
disk stores the printing image 115, the read image #1:161, the
collation result 185, and the like. In addition, a variety of
computer programs such as various other data processing
programs are stored therein.

A drive 1012 reads data or a program recorded on a remov-
able recording medium 1013 such as a magnetic disk, an
optical disc, a magneto-optical disc, or a semiconductor
memory which is installed therein, and supplies the data and
the program to the RAM 1003 which is connected thereto via
an interface 1007, the external bus 1006, the bridge 1005, and
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the host bus 1004. The removable recording medium 1013
may be also used as a data recording region in the same
manner as the hard disk.

A connection port 1014 is a port for connection to an
external connection apparatus 1015 and has a connection unit
such as a USB, or IEEE1394. The connection port 1014 is
connected to the CPU 1001 and the like via the interface 1007,
the external bus 1006, the bridge 1005, the host bus 1004 and
the like. A communication unit 1016 is connected to a com-
munication line and executes a data communication process
with external apparatuses. The data reading unit 1017 is, for
example, a scanner, and executes a document reading pro-
cess. The data output unit 1018 is, for example, a printer, and
executes a document data output process.

In addition, the hardware configuration of the image pro-
cessing apparatus illustrated in FIG. 10 shows a configuration
example, and the present exemplary embodiment is not lim-
ited to the configuration illustrated in FIG. 10 and may
employ a configuration which may execute the modules
described in the present exemplary embodiment. For
example, some modules may be constituted by dedicated
hardware (for example, an application specific integrated cir-
cuit (ASIC)), some modules may have a form where they
exist in an external system and are connected via a commu-
nication line, and plural systems illustrated in FIG. 10 may be
connected to each other via a communication line and be
operated in cooperation with each other. In addition, the hard-
ware configuration may be incorporated into a copier, a fac-
simile, a scanner, a printer, a multi-function peripheral (an
image processing apparatus having two or more functions of
the scanner, the printer, the copier, and the facsimile), or the
like.

In addition, the above-described program may be stored on
a recording medium, or the program may be provided using a
communication unit. In this case, for example, the above-
described program may be understood as the invention of a
“computer readable recording medium recording the pro-
gram”.

The “computer readable recording medium recording the
program” refers to a recording medium which is used to
install and execute the program and distribute the program,
records the program thereon and is capable of being read by a
computer.

In addition, the recording medium includes, for example,
“DVD-R, DVD-RW, DVD-RAM, or the like” which is a
digital versatile disc (DVD) and is a standard formulated by
the DVD forum, “DVD+R, DVD+RW, or the like”” which is a
standard formulated by DVD+RW, a read only memory (CD-
ROM), a CD-recordable (CD-R), a CD-rewritable (CD-RW),
or the like as a compact disc (CD), a Blu-ray disc (registered
trademark), a magneto-optical disc (MO), a flexible disc
(FD), a magnetic tape, a hard disk, a read only memory
(ROM), an electrically erasable and rewritable program-
mable read-only memory (EEPROM (registered trademark)),
a flash memory, a random access memory (RAM), a secure
digital (SD) memory card, or the like.

The above-described program or a part thereof may be
recorded on the recording medium so as to be reserved or
distributed, for example. In addition, the program may be
transmitted by communication, for example, wired networks
such as a local area network (LAN), a metropolitan area
network (MAN), a wide area network (WAN), the Internet, an
intranet, and an extranet, or wireless communication net-
works. Further, the program may be transmitted using a com-
bination of the recording media, or may be carried on a
carrier.
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Further, the above-described program may be a part of
another program, or may be recorded on the recording
medium along with a separate program. In addition, the pro-
gram may be recorded on plural recording media so as to be
divided. The program may be recorded in any form as long as
the program may be recovered through compression, encod-
ing, or the like.

The foregoing description of the exemplary embodiments
of'the present invention has been provided for the purposes of
illustration and description. It is not intended to be exhaustive
or to limit the invention to the precise forms disclosed. Obvi-
ously, many modifications and variations will be apparent to
practitioners skilled in the art. The embodiments were chosen
and described in order to best explain the principles of the
invention and its practical applications, thereby enabling oth-
ers skilled in the art to understand the invention for various
embodiments and with the various modifications as are suited
to the particular use contemplated. It is intended that the
scope of the invention be defined by the following claims and
their equivalents.

What is claimed is:

1. An image processing apparatus comprising:

a correction unit configured to correct a tilt of each partial
image data generated using a plurality of sensors reading
amedium on which an image is formed using image data
so that at least part of a reading region of each one of the
plurality of sensors overlaps a reading region of an adja-
cent one of the plurality of sensors;

an extraction unit configured to extract extracted image
data, from the image data,
wherein the extracted image data is extracted based on a

position and a size at which the image data matches
counterparts from the partial image data;

a comparison unit configured to compare partial image
data corrected by the correction unit with the extracted
image data extracted by the extraction unit; and

an insertion unit configured to insert a first blank space
between the partial image data adjacent to each other so
as to correct a tilt of the partial image data;

a generation unit configured to generate combined image
data by combining the partial image data and the first
blank space,

wherein the insertion unit is further configured to insert a
second blank space having a size determined based on
the first blank space and the tilt of the partial image data,
between the extracted image data adjacent to each other,
and

wherein the comparison unit is configured to compare the
combined image data with image data into which the
second blank space is inserted by the insertion unit.

2. The image processing apparatus according to claim 1,

wherein the insertion unit is configured to insert the first
blank space having a width which is set so that overlap-
ping does not occur in a longitudinal direction of the
partial image data after a tilt of the partial image data is
corrected.

3. The image processing apparatus according to claim 1,

wherein the comparison unit is configured to divide one of
the combined image data and the image data into which
the second blank space is inserted by the insertion unit
into a plurality of rectangular images, search for corre-
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sponding positions of the plurality of rectangular images
in another image, and compare the respective rectangu-
lar images with the another image at the searched cor-
responding positions,

wherein the insertion unit is configured to insert the first
blank having a width which is set so that a width of the
partial image data corrected by the correction unit and
the first blank space is an integer multiple of a width of
the plurality of rectangular images, and

wherein the insertion unit is configured to insert the second
blank space having a width which is set so that a width of
the extracted image data and the second blank space is an
integer multiple of a width of the plurality of rectangular
images.

4. The image processing apparatus according to claim 2,

wherein the comparison unit is configured to divide one of
the combined image data and the image data into which
the second blank space is inserted by the insertion unit
into a plurality of rectangular images, search for corre-
sponding positions of the plurality of rectangular images
in another image, and compare the respective rectangu-
lar images with the another image at the searched cor-
responding positions,

wherein the insertion unit is configured to insert the first
blank having a width which is set so that a width of the
partial image data corrected by the correction unit and
the first blank space is an integer multiple of a width of
the plurality of rectangular images, and

wherein the insertion unit is configured to insert the second
blank space having a width which is set so that a width of
the extracted image data and the second blank space is an
integer multiple of a width of the plurality of rectangular
images.

5. An image processing apparatus comprising:

a correction unit that corrects a tilt of each partial image
data item which is a result of a plurality of sensors
reading a medium on which an image of image data is
formed so that at least part of a reading region which is
read by each of the plurality of sensors overlaps a read-
ing region of an adjacent sensor;

an extraction unit that extracts the image data at a position
and a size at which the image data matches the respective
partial image data; and

a comparison unit that compares partial image data cor-
rected by the correction unit with extracted image data
extracted by the extraction unit,

wherein the correction unit inserts a first blank space
between the partial image data items adjacent to each
other so as to correct a tilt thereof, and generates com-
bined image data by combining the partial image data
items with each other,

wherein the image processing apparatus further includes
an insertion unit that inserts a second blank space having
a size determined based on the first blank space and the
tilt of the partial image data, between the extracted
image data items adjacent to each other, extracted by the
extraction unit, and

wherein the comparison unit compares the combined
image data with image data into which the second blank
space is inserted by the insertion unit.

#* #* #* #* #*



